Purpose: The objective of this paper was to compare histologically and histomorphometrically a hydroxyapatite originated by algae (Algipore) versus demineralized bovine bone (Bio-Oss Geistlich Pharma, Wolhusen, Switzerland) utilised as bone substitutes in maxillary sinus floor elevation with a split-mouth design. Materials and Methods: Five healthy patients underwent a bilateral maxillary sinus floor elevation procedure under local anesthesia. In each case, residual posterior maxillary bone height was between 2 mm and 5 mm. The original bone was augmented with a split-mouth design with 100% Algipore on the test side and 100% Bio-Oss on the contralateral control side. After a healing period of 6-8 months during the re-opening surgery biopsies were retrieved and Xive Implants (Dentsply Implants, Mannheim, Germany) were placed. Results: At microscopic level both Bio-Oss and Algipore blocks resulted well osseointegrated, without inflammatory infiltrate, with an high level of mineralization, without gap between the bone and biomaterial interfaces that resulted indistinguishable. A close contact between the two faces was observed without the presence of slits. Histomorphometrical analysis showed that, on average, the percentage of medullary space was higher for the Bio-Oss compared with Algipore (38.61% ±8.90% vs. 29.23% ±7.89%). In contrast, the mean value of residual particles of biomaterials was higher in Algipore than in Bio-Oss specimens (42.86% ±18.61% vs. 22.30% ±6.40% respectively). Conclusions: The data confirmed that sinus lift carried out with Algipore performed in a similar way of that carried out with Bio-Oss and that this material is safe, predictable and without invasiveness.
INTRODUCTION
Lack of suffi cient bone height in the posterior maxilla precluded implant placement in this area in the past.
After the experimental studies published by Boyne and James, and Tatum [1, 2] regarding grafts in the maxillary sinus, a number of new procedures and studies have documented the use of different implants and grafting materials. To allow implant placement in the posterior part of the maxilla, sinus fl oor augmentation surgery has become a routine procedure [3] [4] [5] that results in an implant survival rate of over 90% for 3-5 years. [6] [7] [8] Autogenous bone is considered the gold standard reconstructive material in bone augmentation for osseoproliferative, osseoinductive, and osseoconductive properties; however not all patients are suitable to undergo complex surgeries in intraoral (chin and retromolar areas) or extraoral donor site, due to potential risks of morbidity and complaints. [9] On the other hand, when taken from intraoral sites, bone cannot often provide the large quantity of material needed for augmentation. Hence, there is the need for a bone regenerative material that is biocompatible, resorbable, and easily and quickly replaceable by bone tissue. Many bone substitutes have been tried in order to fi nd a good alternative to autografts, but even the best among the bone substitutes is only osteoconductive (e.g. hydroxyapatite, allografts, xenografts, and alloplastic materials). These materials are suitable for sinus augmentation procedures since they are available in the needed quantity and maintain the original volume during the substitution process. [10, 11] Actually the most frequently used bone substitute in sinus augmentation is demineralized bovine bone (DBB), either alone or in combination with autogenous bone. [5, 12, 13] It must be noted that allografts and xenografts used as alternatives to autografts have a potential for disease transmission [14] while alloplasts have not risks. At this purpose, some alloplastic biomaterial are used in the clinical practice to reduce biological risks. Algipore is a granulate material manufactured from calcifying marine algae (Corallina officinalis). [15] Biomaterial processing involves pyrolytical segmentation of the native algae and hydrothermal transformation of the calcium carbonate into fl uorohydroxyapatite (FHA). This process preserves the porosity of the algae [16] and the organic components are completely removed. [17] The objective of this paper was to compare histologically, and histomorphometrically a vegetable originated hydroxyapatite (Algipore) with DBB (Bio-Oss) utilised as bone substitutes alone in sinus fl oor elevation in a split-mouth design.
MATERIALS AND METHODS
This study was carried out on a group of 5 patients (2 men and 3 women) with a bilateral defect of dentition in the posterior maxilla.
All the patients had residual sinus fl oor of <5 mm in height and at least 5 mm in width in both sides.
To be considered eligible for the study, the following general inclusion criteria needed to be met:
• Implant therapy was required bilaterally in the posterior maxilla to restore masticatory function • There was the absence of sinus infection of the Schneiderian Membrane • Patients had to be medically fi t and healthy, and able to undergo oral surgical procedures under local anaesthesia • Patients with chronic periodontitis had to have been treated fi rst.
Light smokers (<10 cigarettes/die) were not excluded, but were given appropriate warming about the increased risk of surgical complications.
Patients were informed about their participation in the study according to the Helsinki declaration of 2008.
On one side the sinus lift procedure was performed using demineralised bovine bone (Bio-Oss Geistlich Pharma, Wolhusen, Switzerland), while on the other side the sinus lift procedures was performed using a phytogenic bone substitute (Algipore, Dentsply Implants, Mannheim, Germany).
Algipore was observed at three-dimensional scanning electron microscopy (JSM 6310, Jeol Ltd., Tokyo, Japan) provides valuable information about the structural architecture of particles. The particles contain a pore system (mean diameter of pores is 10 μm) that is periodically regulated (mean interval 30 μm) and interconnectively microperforated (mean diameter of perforations 1 μm). Every pore is limited by one layer of small FHA crystallites with a size of 25-35 nm. Algipore granules range from 0.3 mm to 2 mm and demonstrate a bone-equivalent microarchitecture and their chemical composition is pre inorganic calcium phosphate. [15, 16] Algipore has a large surface area (50 m 2 /g) and a specifi c pore volume averages 0.93 cm 3 /g, [15] and its elevated interconnected microporosity should help the neovascularization and bone ingrowth. [18] Bio-Oss is a bone substitute of bovine origin frequently used for various augmentation procedures, either alone or in combination with autogenous bone. [19, 20] 
Surgery
The surgical procedures were performed under local anaesthesia by two operators skilled in oral surgery. The sinus lift was carried out using the window technique. [21] A crestal incision was performed, and a full-thickness mucoperiosteal fl ap was elevated to expose the facial wall of the maxillary sinus. A longitudinal osteotomy was prepared for latero-basal approach to the maxillary sinus using a conventional handpiece with a round bur. Sinus membrane elevators were used to dissect the Schneiderian membrane from the alveolar recessus. In two cases the residual alveolar height were <2 mm, with no possibility of implant insertion, while, in the other three cases, the residual alveolar crest was >3 mm so some Xive implants (Dentsply Implants, Mannehim, Germany) were inserted [ Figure 1 ]. After placement of the graft into both alveolar recessus, the lateral wall osteotomy site was obturated with a resorbable membrane (Bioguide, Geistlich Pharma, Wolhusen, Switzerland) to ensure graft containment and prevent soft tissue invagination. The mucoperiosteal fl ap was then repositioned and sutured with polypropilene 5-0 (Butterfl y Italia, Cavenago, Italy). A postoperative oral antibiotic regimen of 2 g Amoxycillin (Augmentin, GlaxoSmithKline, Verona, Italy) daily in two divided doses for 5 days was prescribed.
During the rehabilitation procedures, trephine specimens were retrieved for histological analysis.
Sample preparation
Specimens were obtained from each surgical site by a 3-mm inner diameter trephine bur. The biopsies were processed for ground sections according with the method of Donath and Breuner. [22] The grafted biopsies were fi xed in 10% formalin/0.1 M phosphate buffer saline solution (pH 7.4) at room temperature, dehydrated by increasing ethanol concentrations with agitation and vacuum and resin-embedded in Kulzer Technovit 7200 VLC (Bio-Optica, Milano Italy) after 1 month [ Figures 2 and 3] . The cores were sliced longitudinally and subsequently reduced by microgrinding and polishing to a thickness of 80 μm (Micromet and LS2, Remet, Bologna, Italy). The sections were mounted on plastic slides, stained with Toluidine Blue/Pyronin Y (Sigma-Aldrich, St. Louis, Mo, USA).
Histological examination
Histological analysis was focused on new bone formation and biomaterial remodelling/replacement. Two central sections for each specimen were used for analysis.
The staining shows clearly the difference between mature bone (stained in brown/yellow) and the bone in different stages of mineralization (in scale of blue); it is possible to observe biomaterial with high mineralization level stained in light brown.
The ground sections were observed using Nikon light microscope (Eclipse E600, Nikon, Tokyo, Japan) equipped with a calibrated digital camera (DXM 1200, Nikon).
Histomorphometrical measurements of the tissue fractions (residual Bio-Oss/Algipore graft, newly formed bone, medullary spaces and/or connective tissue, respectively) in the augmented area were performed using a standard point-counting technique on photographs at a total magnifi cation of ×100. This technique uses a grid where test points (intersection points) falling on the tissue of interest are counted, and the results are expressed as a percentage of the total test points. Stereological method allows to obtain three-dimensional data from two-dimensional sections based on the principles of geometric probability (Delesse formula).
All histological and histomorphometrical analyses were performed at the Department of Biomedical, Surgical and Dental Sciences, Università degli Studi di Milano.
Statistical analysis
For each measure, two slides were analyzed from each sample and the mean value was computed.
For all measurements mean and standard deviation were computed in the two groups of samples (Bio-Oss and Algipore).
The two groups were then compared using a Wilcoxon signed-rank test for paired samples (level of signifi cance, P < 0.05).
RESULTS
Five patients were recruited for this study (age range from 42 years to 64 years, average 57).
No complications occurred during the postoperative period. The samples characterized by Algipore graft have maintained similar features to the Bio-Oss samples. Algipore blocks appeared surrounded by lamellar bone [ Figures 3 and 6 ], and at higher magnifi cation, blocks were joined by bone bridge connections [ Figures 6 and 7] . The close contact between the two blocks was observed without the presence of slits [ Figure 7 ]. In the specimens bone was in different grade of mineralization, with the normal microstructure, rich in osteocytic lacunae and remodeling lines [ Figure 8 ]. Unmineralized areas were widespread on all samples and were characterized by a signifi cant quantity of collagen matrix where many cells were present. Different kinds of cells were detected into the marrow spaces such as adypocytes, stromal cells near new blood vessels [ Figures 8 and 9] ; furthermore around the grafted blocks, several osteoblasts and osteoclasts were seen [ Figure 9 ]. Moreover, some cells were found into the Algipore pores [ Figures 7 and 9] .
Histomorphometric results showed different tissue fractions between two biomaterials [ Table 2 ]. On After 6-8 months of healing, a total of 14 Xive implants (11 or 13 mm in length and 3.8 or 4.5 mm in diameter, Dentsply Implants, Mannheim, Germany) were inserted in the lifted sinuses [ Table 1 ]. During implant placement, 10 specimens (two per patient in a total of fi ve patients) were retrieved for histological analysis (5 with Bio-Oss graft and 5 with Algipore graft) using a water-cooled 3 mm wide trephine drill.
The samples were analyzed to evaluate the regenerated area counting the proportions of medullary spaces, new bone and residual biomaterial in each specimen reported in Table 2 .
In both cases infl ammatory infi ltrate was not presented, bacteria was not detected and numerous biomaterial blocks appeared well osseointegrated [ Figures 2-9 ].
Bio-Oss particles appeared surrounded and well osteointegrated in regenerated lamellar bone [ Figure 2 ]; at higher magnifications the borders between bone and biomaterial seemed close together without gaps [ Figures 4 and 5] . At a deeper observation, all samples appeared regularly rich in cells and vessels in medullary spaces surrounding the biomaterial. 
DISCUSSION
The usefulness of sinus lift depends on the grafting material. [23, 24] Autogenous bone has been documented as the gold standard. If bone substitutes are used, the operation required for harvesting of bone autogenous could be eliminated. The bone substitutes have to be resorbed and completely replaced with newly formed bone. [25] b o v i n e b o n e [26] β-tricalcium-phosphate, [27] freeze-dried demineralized bone [28] or bioactive glass. [14] Even though results in these average, the percentage of medullary spaces was larger in Bio-Oss than in Algipore samples (38.61% ±8.90% vs. 29.23% ±7.89%); the mean value of residual particles of biomaterial was larger in Algipore than in Bio-Oss specimens (42.86% ±18.61% vs. 22.30% ±6.40% respectively) and consequently the new bone formation percentage was larger in Bio-Oss samples (39.09% ±10.42% for Bio-Oss and 27.91 ± 12.82 for Algipore).
S e v e r a l s t u d i e s r e p o r t e d t h e u s i n g o f s y n t h e t i c h y d r o x y a p a t i t e ,
At statistical analysis, no signifi cant differences in terms of medullary spaces, new bone formation and residual biomaterial were found between the two groups (Wilcoxon signed-rank test for paired data, P > 0.05). The growth of bone inside biomaterials particles could be related not only to pore size but, perhaps, also to the intrinsic characteristics of the biomaterial, opinion that was also stated by Schopper et al. [15] Klongnoi et al. [38] found, in a mini-pig study, that sinus augmentation with Algipore gave favorable results and that, after 12 months, the bone-to-implant contact percentage was very similar to that observed in augmented sinuses with autogenous bone. Wanschitz et al. [39] found that in humans, after sinus augmentation with Algipore, the graft material showed a small volume loss during a 6-month period, providing a predictable volume for implant insertion.
Some authors demonstrated that the use of this biomaterial can trigger appositional bone formation in the maxillary sinuses of severely atrophic human maxillae even without additional bone harvesting. [15, 17] Schopper et al. found the average amount of bone that had formed after a mean healing time of 7 months was 23% [15] and this is in agreement with our investigation (27.91% ± 12.82%); furthermore on the other hand Bio-Oss amount of new bone was slightly greater (mean 39.09% ± 10.42%).
In this study, we decided to use a split-mouth design in order to compare the behavior of Algipore and Bio-Oss in the same patient from an histologic and histomorphometric point of view. Because of the split-mouth approach used, only a limited number of patients was enrolled in the study. In the present work, similar results were obtained compared with previous studies. [15, 17] The samples grafted with Algipore showed the same behavior as other studies considering the percentage of regenerated bone, residual biomaterial and medullary spaces. In bone remodeling process and in graft resorption, Algipore particles were gradually substituted by newly formed bone. [15, 17] The texture of Algipore serves as an osteoconductive scaffold for osteoblastic cells and stimulates deposition of bone matrix. [17] In this study, we observed that after 6 months 43% of Algipore is still present, once again in line with the results obtained by Schopper after 7 months (33% ± 7.8%) and by Scarano et al. after 6 months (37.1% ± 3.8%). [17] We know, from the previous study of Simunek et al. [33] that Algipore is gradually resorbed and replaced by newly formed bone. During the time period of 6-15 months, the percentage of newly formed bone grows linearly, and the percentage of Algipore decreases linearly. After 15 months, the density of bone trabeculae in the grafted sinus corresponds to cancellous bone of good quality.
After 6 months of healing about 22% of residual Bio-Oss was found, and a higher presence of medullary spaces for Bio-Oss (38.61% on average) than Algipore (29.22% on average) was observed. We know from the previous study that this material is rapidly metabolized, but some particles are still present after many years. [40] publications were highly variable, it has been proven that the percentage of bone in the grafting material during the healing period grows and the percentage of unresorbed foreign residue is reduced. [28] Actually we have a great number of studies, [29, 30] regarding the use of Bio-Oss in sinus grafting procedures, and we know how this material acts in terms of the osteoconduction, bone regeneration, biodegradation and volumetric stability of the graft. [31] On the other hand, the general properties of the phytogenic bone substitutes Algipore have been researched by a number of authors. [15, 17, 32, 33] Algipore has been found to be a biocompatible, osteoconductive and resorbable biomaterial. [34] Histological evaluation has shown that a tight contact between newly formed bone and biomaterial particles, without gaps or interposition of connective fi brous tissue was present. Porous biomaterials, such as Algipore, act as a scaffold for tissue regeneration. [15, 17, 33, 35] They guide cell and vessels migration into the pores. Cell and vessel movement inside the pores are related to the degree of interconnection of the pores and to its size. [15, 17, 33, 35] The degree of interconnection of the pores in Algipore, as well as the pore size, modulate cellular ingrowth in the material, allowing osteoconduction. [36] Scarano et al. [17, 32] recently found that mineralized bone was present inside a large portion of the Algipore particles, which have a mean pore diameter of about 10 μm. This fact is in contrast with other studies [18, 37] that stated that pores smaller than 10 μm inhibit cellular ingrowth, while pores between 15 μm and 50 μm help fi brovascular colonization, pores between 50 μm and 150 μm determine osteoid growth, and pores larger than 150 μm facilitate internal mineralized bone formation. 
